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THE CONCENTRATICN OF ISOTOPE N15 BY A
CHEMICAL EXCHANGE REACTION

/ This is g*translafion of an article written
by A. Zeman: and V, Cermak in Chemicke listy,
Vol LI, No 5, 1957, pages 818-822._/

Description of the construction %nd operation of a
column for the concentration of Ni by a chemical
exchange reaction between ammonia and ammonium ions.
The N1> content was increased to 11.4 percent by
using a packlng of glass cloth ln a single-column
apparatus,

Chemical exchange reactions are one of the very
efficient means of enriching isotopes, The m?thod ls
used ;E particular for the concentration of C13, le,
and SO573 they can be especially applied for research by
the labeled-atom method, Substances enriched with '
stable lsotopes are particularly needed since the deve-
lopment of mass spectrometry permitting a precise mea=~
surement of the natural and artificially changed ratio
of isotopes.

In connection with the construction of a mass spectro-
meter at the Institute of Physical Chemistry of the
Czechoglovak Academy of Sclences (Ugtav fysikalni chemie
CSAV / Ceskoslovenska aksdemie ved_/) it was decided in
1?%2 to build an apparatus for the concentration of the
N+2 isotope by the chemical exchange reaction between
gaseous, ammonia and ammonium ions, in a solution according
to Ureyk, in order to_. gbtain ammonlum salt enriched to a
certain degree with Nt , to galin experience in the con-
struction and operation of exchange columns3= and to find
a more efficient packing for such columns.*

¥Present address: Faculty of the Technical and Nuclear
Physics of Charles University (Fakulty technicke a jaderne
+Eyslky, Karlova University) Prague
This work was not published until now because the results
obtained in 1952, and checked then by emission moleculiar
spectra of enriched nitrogen in the region 3159 to 3185 b
(See ) were finally established by the mass spectrometer
analysis only last year.




The principles of the isotopewconcentration method using
a chemjcal exchange reaction were developed by Urey and 4
Greiff®, who showed thebretically that the isotope compounds
of the lighter elements aiffer ohly slightly in thelr cheni-
cal behavior, who calculated thbigquilibriUm constants of a
series of exchange reactions ln the gaseous phase and, with
a view to the possibility of praétical use, proposed that
the exchange reactions be cafEiéd out between two different
phases in an arrahgement which would permit a manifold
repetition of the exchange.

The exchange reaction between %aseous and aqueous NH,NO
solution for the enrichment of N2 according to Urey used

N15H3(g) + Nl“H;(l) = N1“H3(g> + N15H, * (1)

whose equilibrium constant is
| by

15+
3. N H‘Lu

K = ~— T A._
I N1SH | inley +
N Hlj '_.IET H"“-..f

and has the value of 1.023 (see 1,4) for a sixty-percent
aqueous solution of NHLNO;, _Gaseous ammonia of a natural
composition (0,365 at. % ﬁ15) is thus in an isotope_equi-
librium with ammonium ions containing 0,374 at. % N12,
The shift in concentration is very slight.

The exchange reaction is, therefore, performed in
counter-current columns with a suitable packinglgFig. 1.
A NH,NO, solution with the natural content of N~/ is fed
to the %op“ of the column. After passing through it all
ammonia is liberated by adding alkali in the stripping
column and it is drawn counter currently through the
exchange column, where it comes into active contact with
the NHLYNG; solution which trickles down the pacE%ng. If,
at the beginning, a solution with a natural N+’ content
f}gws throvgh the exchange column, ammonia with the same’
N+~ content is liberated in the stripping column. A con-
tact of the two phases at the bottom of the exchange column,
however, causes the solutlion to become isotopically enriched
and the gas to be ggpleted. Ammonia with an equilibrium
concentration of N+’ rises to the top of the exchange column,
but the enriched solution from the E ttom of the column '
renders ammonia with an increased N content in the strip-
ping columnj this ammonia again passes 1§to the solution
together with an additional amount of N-7 until it is



depleted again to the equilibrium concentration. Unless
the enriched prbquc£1§NH NO,) is removed from the bottom
of the column, the N ig aécumulatedgrigually in the
column and a concentration gradlent of N*/ is set up in
the column inpreaSing:§ownwarﬁ.‘ After attaining a steady
state the volume of N 5 flowing through an arbitrary
cross section of the column in both directions would be
the same ﬁgd‘a solvution of NH,NO, with the maximum enrich-
ment of N+’ wovld flow from the %ottom of the column into
the stripping column., If the N15 concentration in the pro-
duct is not to fall, only that volume of enriched NH),NO3
(or NH3) can be removed daily which accumulates in the
column during one day, that is

_ Ax, - By
qQ = X5 = %5

where q is the vclume of enriched NH,NO4 in mol/2t hours
that can be removed, A is the volume of normal NH) NO,in
mol/24 hours introduced on the top plate, B is the volume
of NH3 in mol/24 hours withdrawn from the exchange column,
Xo is the mole fraction of N15in the normal NH,NO,, x; is
the mole fraction of N19in the enriched NHLNO3, aRd y'is
the mole fractlon of N1Yin the NEywithdrawn,*y 8

The enrichment factor of the column is expressed as in
the distillations columns: ,

/. Ry
LA (515 ¢
(N2 //?N -

Z L i / _i[; P KP
W /¥ N2

where the numerator and denominator express the ratio of the

concentration of the heavy nitrogen in the liquid phase at
the bottom (1) and top (2) of the cdumn, Z is the over-all
enrichment factor, K is the equilibrium constant of the
exchanée reaction, and p is the number of the theoretical
plates”’,

The attainment of a marked enrichment requires a large
number of theoretical plates and if this were to be
attained in a single exchange column it would have to be
very high (tens of meters), A very long time would then
be required for reaching the state at which it would be
possible to remove the enriched production from the bottom
of the column, since equilibrium in the column is reached
only very slowly as a result of only a very slight devia-
tion of the equilibrium constant from unity, and as a
result of a hold-up. Uswvally, therefore, cascades of
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two to three e;ribhing seﬁtigns are appliede’u’B’g)

Thode aﬁd Urey' obtained 4n thisé way a proﬁgct with 72.8
at. % N15, and retently Spin i% and Taylor-Y produced
nitric acid with 99.5 at. % N'2 through the exchange
reaction betwéen No ahd HNO5.

In this étudy the concentration process was made only
in a single-column.apparatus.

Experimental Party

The enrichment column was built on the basis of test.
The test column, analogous to jhe second section of
Clusius and Beske's apparatus,® is shown in Figure 1.

The test exchange column was 11.8 meters long, with
a 12 millimeter 1lnner diameter, and consisted of three
parts. Four millimeter porcelain Berl saddles were
aprlied as packing. The stripring column - one meter
long- was filled with eight millimeter long Rasching
procelain rings and had a 40 millimeter inner diameter.
Both columns were made of G 20 glass. The feed of the
¥ixty-percent solution of NHhNO3, partially saturated
with ammonia, to the top of the-exchange column, the
transfer from the bottom of the individual parts of the
column to the top of the succeeding part, the feed of
the 1lb-percent solution of NaOH, and the removal of the
waste (alkaline solution of NaNO;) were performed by
Pl'Ph pumps. The pumps had a tested design and were
composed of a hollow aluminum eylinder in which tur?ed
a rotor with two or three rollers on its periphery. i1,14)
Rubber tubes with a two-millimeter inner dlameter were
placed in the gap between the inner lining of the cylinder
and the rollers (the tubes were lubricated with castor oil);
the contents of the tubes moved in the direction of the
rotor's rotation due to the squeezing action of the rollers.
The pumps were mounted on a common axis. The pumping speed
was 0.75 ml/minute. The pressure in the apparatus was
maintained at 80 millimeter Hg by an automatic device
consisting of a regulating manometer and an electric cir-
cult controlling an electromagnet which closed the access
to a water vacuyum pump as necessary. T&q apparatus worked
under conditions of a total reflux of N 5 and worked for
ten days without interruption.

The final column was 8.3 meters long and was composed of

three sections; the last was 1.5 meters shorter and its
lower part was directly connected to the mixing vessel
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to which the solution flowed under gravity. This
arrangement reduced the volume of the sclution retained
in the connecting tubing. For the same reason the inner
diameter of the connecting tubing between the sections of
the column was reduced from the original three to one
miliimeter., The exchange column was {illed with hollow
eylinfers with a two-millimeter diameter and a four-
millimeter length, formed by rolling a tube from glass

 ¢loth impregnated with paraffin.* ™ After .filling the

column paraffin was extracted by means ¢f benzene and
chloroform. ( fﬁ'ﬁ ‘
2

K

I, II, III exchange columns; B stripping columnj

v boiiing flasks Py-P, pumps; C coolers M mixing
vesselss 24,29 ele%tromagnetic valvess Ny,N- tenks
for damping pressure fluctuation; k cock %or re=~
moving enriched NHB; T mercury regulation manomester,

~Ammonia was liberated imperfectly in the stripping
column of the first experimental installation, and part
of it was taken sway from the column in the wigte. This
reduced substantially the effieciency of the N*/ concentra-
tion, and the strirping column was, therefore, lengthened
to two meters in the final installation; 1t was fltted
with an electrically heated jacket which limited the heat
loss from the column and prevented its flooding.

i The packing was supplied by the Technological Depart-
ment of the Institute of Chemistry of the Czechoslovak
Academy of Seiences (Technologicke oddeleni Chemickeho
ustavu CSAV).



The enrichment installation worked 27 days with 23
days allocated for concentration and four days for pro-
duction., Its operation was practically uninterrupted,
except for the third day, when the apparatus had to be
shut down for a short pericd because of an accldential
plugging of the feed of NHLNOyto the mixing vessel,
The wall of the bolling flask (made of Duran glass)
had become s¢ thin by the end of the 27th day duve to
the acticn of the caustic that the apparetus had to be
shut down. A total of 17 killograms of NEyKO3 were
consumed,
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Figure 2

Mags Spectrum of Enricheg Nitrogen
With 11.4 at. % N5

Current at a~%8 corresponds tc the N yll+ onss
M/e=20 to NI*N12% fons; and M/e = 30 to K15E15* 1oms.
The current 1s given in relative units.

The following defects were found during the work of
the enrichment Installstion:

1. Part of the NH, NO, solution retained in the packing
of the original test column at times flowed into the lowe:
ccliscting vessel, interrupting the concentration gradiem
inside the column, The flow was caused by channels in
places where the packing was not suffieciently and uni-




Y30Td SSEBIDH

GL°0

16°0

$8°0
(Utu/1u

peadg
sutpdumg

R}Iom

2T €8 STUL

T ®'6 (pagy

mmmm

A 8°TT (pue)

q2°s

(0IE)

I g4 +°98

(@) (@) §3%13)

WmMTOo) uwafo)y JIoyjny
oy} Jo 3o

IsjsuweTq Yjadusg
Jauug

jusmdrabg juswOTJIUY dU} JO
pue B31B] TBUOL4BI8d(Q oU3} JO uostaedwo)

sfep WOJIJ SJISpPUTTAD
(94 42 I9IFY T°GE JOISUTTTIW + £q g
1993s ssoT
~Ure3}s wWwolJ [eITdS
931e3s Apeoig OATM J93OUTTTIW g
°4 ATT®BOTI0RIg Q°2T ® WOLJ SJIOPULTLD
~ I930UTTTTU g 49 ¢
H'IT sdeq €°01 SeTppeg
91 4933V TJdod Wl +
enejs Apeels Teards
. €/ ATTEOT308BId G T SSeTH U §
(W0) S1E1d 91838 7 JUtioed
1B2T384100Y],
8y} Jo queiea
~-tnbg 1ydrey
s1nsay

I °1q®4

o



formly piled, and by the relatively large dimensions of the
vacking in comparison with the diameters of the cclumn.
This defect was eliminated in the final column by careful
filling and the use of a smaller-size packing.

2. In places where the packing was too much compressed
the column sometimes became flooded over a length of about
five centimeters and,the normal compression gradient was
raised (about 15 millimeters)., This defect was eliminated
by a slight heating of the flooded section from outside.

3. The current determination of ammcnia in the waste by
Nessler's reagent proved in several instances that ammonia
was not beciled out perfectly, and it was therefore neces-
sary to regulate carefully the current in the heating sec-
tions of the strirping coclumn.

L4, The porcelain packing of the stripring column was
partially dissolved by the hot caustic, arnd a sediment
accumvlated in the boiling flask causing the plugeing of
the pump tubing. It was therefore necessary to remove the
tubing from the pump several times, and to remove the
waste by an auxiliary water vacuum pump. The vacuum pump-
was, therefore, exchanged and cleaned withlydrochloric acid.

Results and Conclusion

Analvsis of the N15 content in the enriched NH,NO3 by
the mass spectrometer of the Institute of Physical enm-
istry of the Czechosloval Academy of Scienca;p{oved that
after 1¢ days of uninterrupted operation the N 5 content
rose from 0.365 at. % to 8.3 at. %, and after nine more
days (at the end of the 27th day) to 11.4 %. This maximum
value corresponds to an overall enrichment factor Z = 35.1,
to a number of theoretical plates p = 156, and to a length
of the heights equivalent of the theoretical plate of 5.3
centimeters. A comperison of our resuvlts with the data of
other authors is showp _in Table I. The mass spectrum of
nitrogen with 11.5% N15 is shown in Figure 2.

The results proved thet the packing of glass cloths is
more efficlent than other packings which are being arplied,
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